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CaSm Antisense Gene Therapy: A Novel Approach 
" for the Treatment of Pancreatic Cancer 
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Abstract. Panavatic adenocarcinoma is a nui\or clinical 

.,.',/. t\, OVv/nv tn'Mnwnt options. In the United 

?<>»()(> cases are diagnosed annually wan an 
;;;. v ,, d „, t ,,/ mortality rate greater than Wi . Given tins 
dismal prognosis, a better understanding of the molecular 
controls that govern pancreatic cancer is clearly needed m 
order to develop more effective therapies. As such, our group 
has been actively investigating the identification and 
potential application of novel gene targets jor this disease. 
We have recently identified the cancer-assocated Sm-l,ke 
(CaSm) oncogene, shown that it is overexposed in «/ •/ oj 
human pancreatic cancer samples, and clearly demonstrated 
,hat it functions as a classic oncogene. We have also been 
able to show that an adenovirus expressing antisense K,\A 
to the CaSm gene tAd-oCaSm) is able to mim e endogenous 
CaSm inRSA expression and decrease anchorage- 
independent growth. A single mtratumor injection of Ad- 
aCaSm extended u.mral in an in vivo SCIP mouse model 
of human pancreatic cancer. To gam mstgM into me 
mechanism of Ad-aCaSms anti-tumor eltccl. cell cw/r 
studies were perlormed. AdoCaSm treatment ol pancreatic 
rancer cells resulted m a cytostatic block with decreased (, r 
phase and increased HSA content in vitro, Importantly the 
combination ol Ad oX aSn, with gemcitahmc tan S- V lu,se 
active chemotherapy, sivmluanllv extended survival time 
,„,„„,/ either, hen> /•• ,hne Ihcsc studies have dcuncd^ 
CaSm oncogene ,c a n<nei cene taigel U<r therapy <(.'!(. -id" 
,„.,.„„ ,.. detine potential role in the pathogeny n, 
pam ictnn < am r ' 



Pancreatic cancer is the fourth leading cause ol death from 
maliunanev in the United States and represents a significant 

l - ' t +i- . ....-^i^ T^r <\t<.£'A^C often 

medical problem thmunnout the ^-im. i ..c -u.. 

presents at an advanced stage, is resistant to all forms of 

therapv and as a result has one of the highest mortality rates 

of anv'cancer(l). In light of this exceedtngly poor prognosis 

an effort has emerged to understand the molecular biology of 

this disease in order to develop more effective therapies. 

Rumination of resected pancreatic cancer samples frequently 

reveals hyperplastic ductules with varying degrees of dysplasia 

adjacent" to the tumor. The recently adopted pancreatic 

intraepithelial neoplasia (PanIN) pathological grading system 

stratifies these dvsplastic lesions into low, intermediate and high 

'..rules (PanlN-1. PanlN-2. and PanIN-3. respectively). 

PanlN- 1 lesions have low malignant potential and may never 

convert to overt carcinoma. PanlN-2 and PanIN-3 lesions 

however, display greater cytological atypia. more architectural 

abnormalities." and frequently evolve to invasrve cancer 

,h,tp-w,vw . r ath.jhu.edu pancrcase.painin). Numerous studies 

in the last decade have identified gene alterations involved in 

the various stages of this molecular progression (2-4) and 

these gene mutations have been extensively studied as methods 

,,.r earlv detection and as targets for gene therapy (5-.)- 

Promising initial results have been repotted lor k-ras. pf* and 

other ,cnc therapies but. to date, no genetic therapv has proven 

clinicalh beneficial f-r the treatment of pancreatic cancer (S- 

lo, Hirthe, studies a,e thciclote needed to provide a better 

understand.™: of the molecular controls that govern pancreatic 

litiM-mirs ( )nr tTOUP 

cancer in oiuei to dexciop mme uaui. • ■ 

, ns been uctKcK mveM.uatimi a novel gene therapv approach 
h^alnnthccanccr-a-.aatccl Sm-like ( C aSm i oncogene. 
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1 he CaSm oncogene 

ln nr( | CI { n ulcnt.f, novel ,enc alteration m pancreatic 
cancer .levclopment..ehe,an a project usinu suhlract.vc 
hvb,K!,/.i!i-n to KlentiiN ditterentiallv expressed tienes 
between the human pancreatic cancer ceii line Capan-I aiu, 
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I igure I I'redii /(-(/ \tntcliiral domains of CaSni f he tertian stria (arc of 
scleral cfjrc Sm prolans has been resolved h\ \-ra\ i nstailograjdiv 
Hased on these (lulu n ts predated that all [mucins containing the Sm 
motifs will fold in a similar manner, the aho\e duignim aliens the Sm 
motif regions of CiSm and the core Sm protein /), and Sm (',. I he 
positions of the predated 5 /i sheets are indicated with arrows. CaSm 
shares seven! arisen ed ammo acids within the Sm motifs, which further 
indicates that CaSm will form a similar tertian; strm ture. Sm I contains 
two invariant ammo acids in all Sm containing pn>fcins at positions /a 
and 23 (highlighted in gray). Sm2 contains a central motif IRCWI 
(highlighted in gra\ ) CaSm also contains these invariant ammo ac ids and 
ftiost of the central motif m Sm2. 



the diploid, transformed but non-ncoplastic pancreatic 
epithelial cell line I LS680.PAN. The CaSm oncogene 
displayed a substantially higher signal in the neoplastic 
Capan-1 cell line compared to the normal pancreatic cells 
and a full-length cDNA clone was identified ( 1 1 i. .Although 
the level ot CaSm expression was variable between samples, 
fifteen of sixteen human pancreatic adenocarcinomas 
showed significant overexpression of a 1.2-kb CaSm mRNA 
:n tumors relative to norma! controls. This represents 
m crexpression in > 7 .5' '< of samples (11) and is a very high 
frequency of oncogene overexpression in pancreatic 
adenocarcinoma. The frequency of CaSm involvement rivals 
that of k-ras muiation and is significant Iv more frequent 
ihan p53 mutation. Moreover, several human pancreatic 
cancer cell lines includ'ng AsPC-l. HXPC-3 Capan-I. 
<'apan-2. COI O-T 1IPAC. MiaPaCa-2 and Panc-1 all 
M\cre\press C aSm 1'he ( iSm mKNA was n\ ere vprcsscd in 
omc samples <■■! pancreatitis suggesting thai the gene 
alteration rna\ he an earK event in tumor loimation. 

I urtheimore. ( aSm expression is no! limited to 
pancreatic tunvu s ( aneei dci i\cd cell lines hom bladder. 
kidne \ . In et . lung ■ ai \ uui luluiti till < w e r e xpt ess ( a Sm 
mKNA ( ; ! ). All 'a a eh ( \ Sm mKNA was a! so e\; Mo^al to 
degree in a ■ ::m\ m| lUMinal tissues, thee levels ot 
cxptessn>:i v\eic nkcdb l"\\ o than in the corresponding 
tumors. Thus the ■auogene is tound elevated rt a vaiictv 
ot cancer tvpes and a |ou level of expression i* ob>etvcd 
in various muni,! ik^iio. Mik indicates that ( aSm ma\ 



have a normal function in a variety of cell tvpes and that 
abrogation of this normal function may be a significant 
contributor to the pathogenesis of a variety of cancers. 



(iene structure 

The full-length genomic structure of CaSm has been 
determined in human and murine cells (Fraser and Watson 
unpublished data). CaSm is located on the short arm of 
chromosome 8 ( S p 1 1.2) between the BCL2-associated 
athanogene 4 (BAG4 SOOD) and the steroidogenic acute 
regulatory protein (STAR) (vvww.ncbi.nlm.nih.gov Locus 
Il)# 272s 7). The gene consists of 4 exons spread over a 
I4.5kb region (Fraser and Watson, unpublished data). The 
promoter region for CaSm has yet to be functionally 
characterized. 

The CaSm gene encodes a mKNA transcript that is 
3.2kbp in length with a polyadenylation signal at base pair 
S78-883. The transnational start site is located at nucleotides 
165-168. The largest open reading frame predicts a 133 
amino acid polypeptide with a molecular weight of 15,179 
and an isoelectric point of 4.97. CaSm was named "Sm-like 
oncogene" for the presence of a Sm motif in the sequence. 
An Sm motif is a conserved region of sequence homology 
that is thought to encode a region that functions in 
protein/protein interaction. The classical Sm motif is 
approximately lOObp in length and contains two Sm 
domains. Sm domain 1 is normally 32 amino acids long and 
contains a universally conserved glycine at position 13 and 
asparagine at position 23. There is a !0-3()bp nonconserved 
linker region between the two Sm domains. Sm domain 2 is 
classically only 14 amino acids long and although highly 
conserved does not contain any invariant positions (12). 

The CaSm sequence contains an Sm motif with two Sm 
domains at the expected positions (Figure I). The CaSm 
Sm-1 domain is 32 ammo acids long and overall, 12 of the 
15 defined positions in the consensus of Sm domain 1 are 
conserved in CaSm including the l()(Kr conserved glycine 
and asparagine. residues. CaSm contains an 11 amino acid 
linker between its two Sm domains. Moreover. 10 out of 1 1 
delined positions m Sm domain 2 are conserved in CaSm. 

The Lsm family of proteins 

( omputci i/cd BFS I I I I sequence analysis of CaSm reveals a 
'■2' > ide nl leal and Ml' / ^ milar homologv with the human Sm 
( i protein. 1 his sjmilarilv led to the name "Sm-hke oncogene" 
and mnv provide some information icgaidmg the structure of 
( aSmt I I ) Sm ( i is pari ■ 'I a kuget lamilv ol Sm proteins that 
toim the sphecsome. an intricate complex ot proteins that 
(unction in mKNA splicing. Recently the \-ra\ crystal 
structure ot two Sm protein complexes made up of Sm D3'B 
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Figure 2 CaSm antisense retimes the anchorage-independent growth of 
human pancreatu cancer cells. AsPC-l and Pane- 1 cells were stahh 
minsicclal with ( uSm antisense or a control plasmul and plated in a V < 
agar solution. Cells were obsened for the number and s,:e of anchorage 
imhrvn dent c»h»ues 21 days after infection. The numbers of large 
i ()h)tm , s (> :S0um '/ I and small colonies <I4()-2S<hnn ■ are shown. 
Results indicate a clear decrease in both large and small colonies after 
treatment with CaSm antisense 



and Sm 1)1 02 have been described* ! 3). This structure 
demonstrates that Sm proteins are composed of a single helix 
followed bs 5 anti-parallel |Vpleated sheets (3 in Sm domain 1 
and 2 in Sm domain 2). From this structure of the crystallized 

heterodimer. the |U sheet of one protein is predicted to 
interact with the fo sheet of a second protein(14). A 
subsequent report has expanded our knowledge of Sm protein 
structure and shown that the seven Sm proteins bind to one 
iini ,ther to torm a ' hand-haped" scaffolding that is the basis 
ot the sni<\P. 13), 1 he homology between Sm (i and CaSm 
is iuealesl u: the Sm niottts and it seems hkels that the 
■ m • i ' -it m -M- ! ot a "barrel --ispe" structinc all »m T 

OIICO^CIK 11 !<r-> m n 111 (Mlit oi a - I 

with other Sm oi Sm like i I mii) proteins. 

While the Sm family ot proteins functions m mRNA 
sl | Km <:. a similai tannK o! Sin-like (I mid proteins piass 
1( J L in R\ \ .'L.appiii!'. and degradation. Messcm:ci UNA is 
normalls po-dneed in the nuclei and quickb modified In 
M U:!m l 1 1 < 1 1 1' - ' '_ ' . i s e . which adds a 7-mcthsl -uanosme cap to 
> end Most mKNA sequences also contain an 
AAl AAA sequence near the V end. Pols-A poKmerase 
binds io thi> .^|uenee and adds a Mime oi 50- 2DI) .idcnoMne 
to i-, end of die transcript Ionium: a poK-A tail 
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Figure ^ \d-oCaSm reduces subcutaneous tumor volume m SCID-t^ 
mur A>umah l^rm, subcutaneous AsPC-l pancreatic tumors wire 
mjcavd on Pax 0 with I00 f ,l nf sulmv c<>mo»,mg Ad-LacZ (3 a 10'pfu) 
or Ad-o< aSm (3 X Ufpfu or ! X W q P fu given weekly for three weeks!. 
Animals were monitored nver time to determine the effect of this gene 
therapy on tumor volume. Treatment with Ad-aCaSm showed a clear 
decrease in tumor growth (n = W). A smgle large dose showed equivalent 
efficacy to three weekly doses. 



The ^-methvl guanine cap and the poly-A tail play 
important roles' in stabilizing mRNA. Poly-A binding 
protein attaches to the poly-A tail of the nascent mRNA 
and stabilizes the message. Without a tail, the average 
mRNA half-life vanes from less than 30 minutes to several 
hours. With a poK-A tail. mRNA half-lives range from 
several hours to even days. The 5'-methyl cap on an mRNA 
spec.es also stabilizes the transcript by preventing 
degradation. Non-capped messages are rapidly degraded 
while capped mRNAs are far more stable. 

The process of mRNA degradation occurs through a 
complex sequence of events that have been well-studied in 
veast (15) The first step of the degradation process involves 
cleasane of the polv-A tail. In the absence of the tail, the 
poh-A binding protein disassociates from the mRNA 
transcript. Studies then indicate the Pat I protein binds to 
the deadenvlated mRNA and recruits a complex of Smdike 
proteins! 1M. The Sm-I.ke proteins ( 1 sm- 1 .2.3.4. s.f> and 
|>m-7) are thought to form a seven-mcmbcrcd ring 
analogous to the Snvbarrel" that functions in the 
sphecsomc. The I au-banel allows the deeapp.ng proteins 
(I)ep-I and l>c P 2) to bind to the deadenvlated mRNA 
n.nseiipt and cleave the ^-methyl cap (17-21). The 
deeapped. deadens lated R N A is then rapidU degraded bs 
the exoiuieleasc Xm- 1 ( 22 ). 

Recent studies hase shoun thai CaSm is probably a 
member of the Sm like tamiK ol proteins and in fact. CaSm 
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figure 4 Ai(-< i( aSoi im rf ( i\r\ l)\ I < nnfent tn j>an<.>eatu < <ou < > > <7A 
AsPC-l ir lls display a sinking < hatter tn the tell cyt le alter mU't una »;.'/,' 
Ad-o(\iSm (Pane! A I. Infa ted .UPC- 1 contain a si^ntfnant '/ureases in 
>4N DSA content relative to untreated cells or Ad l.ac/.-infct ted cells 
(Panel P) ( Modified from Kellex IP et al. Stamen JM>: 2SO-2SS. 2001} 



has been designated human-like-Sm protein I (hLsm-1). 
This suggests that the oncogene may function to control 
mRNA stability in cancer. The yeast Lsm-1 protein (37C 
identical, 67C similar at the amino acid level to 
CaSm/hLsm-1) has also been described as SpbS or 
suppressor of poly- A binding protein mutation-S (22). As 
noted above, the poly-A binding protein (PABP) stabilizes 
mRNA and enhances transcription at the ribosome. 
Mutation in PABP leads to a dramatic decrease in 
translation that can be lethal to yeast. In this study. Spb-S 
was discovered in strain of veast that survived mutation in 
the poly-A binding protein. SpbS mutants did not contain 
an increase in ribosome number and did not demonstrate 
an increased efficiency of transcription or translation. The 
cells were able to survive the PABP defect by increasing the 
stability of mRNA. Immunoprecipitation with anti-7-methyi 
cap antibody and Northern blot analysis indicate that Spb-S 
cells accumulate deadenylated but capped mRNA 
transcripts. This strongly suggests that yeast l.sm-1 tunc! tons 
as a cotactor in the decapping process. 

CaSm functions as a classical oncogene 

The above studies suggest that CaSm functions in mRNA 
decapping and siahihtv but Outlier research is needed lo 
confirm this hvpothcsiv The gene's role m p.mcrealic 
cancer, however, is bettei undcistnnd as it appeals to 
fuuclion a classed oiK-ngenc. CaSm trausfectcd Ml! 3T3 
cells form toci when plated /// \ttm (SO foci n CaSm 
t r.uisleet.uits \cr\us [ > toci in unttcatcd contioKi ;md SC|[) 
mice iniecled with CiSm tomslectcd M H 3 1 3 eel C dc\ c lop 
subcutaneous tumots ( 3 animals \ci\n\ (MM MUM" 
control animals I mm;i and Watson unpublished data) 



More importantly, CaSm is not only expressed at a very high 
frequency (X7C of human pancreatic adenocarcinoma 
samples) but is required to maintain the transformed 
phenotvpe ( Figure 2). W hen human pancreatic cancer cell 
lines are transfected with a plasmid that expresses antisense 
RNA for CaSm, the transfeclanls display a striking decrease 
in anchorage-independent growth (11). Anchorage- 
independent growth in soft agar is currently the best in vitro 
correlate of in vivo tumorigenicitv. The abilttv of CaSm 
antisense to reduce this anchorage-independent growth 
indicates that the gene is necessary to maintain the 
neoplastic state and suggests that CaSm rnav be useful as a 
gene therapy. 

CaSm-based gene therapy 

To test the utility of CaSm as a novel target for gene 
therapy, an adenoviral vector was engineered to expresses 
antisense RNA to CaSm (Ad-uCaSm). Northern blot 
analysis of human pancreatic cancer cells infected with Ad- 
uCaSm indicates a substantial decrease in endogenous 
CaSm mRNA levels after infection (23) And more 
importantly, Ad-uCaSm-infected cells display a significant 
reduction of in vitro proliferation compared to controls. The 
effect of Ad-aCaSm was examined on a panel of human 
pancreatic cancer cell lines including: AsPC-1, BXPC-3, 
Capan-1. MiaPaCa-2 and Panc-1. The proliferation of all of 
the cell lines is decreased following infection with Ad- 
aCaSm and each cell line shows a dose response (23). 
Reduced CaSm expression also decreases anchorage- 
independent growth of the panel of cell lines when plated 
tn soft agar (23). 

The effect of Ad-uCaSm on an in vivo model of 
pancreatic cancer was also examined (Figure 3). To 
establish this model system. AsPC-l cells were injected 
subcutaneouslv onto the flanks of the female SCID-Bg mice. 
After palpable tumors developed, these animals were then 
tieated with a single intratumor injection of saline. Ad-LacZ 
or Ad -(/.CaSm. Ad-o.( aSm has a dramatic effect on tumor 
volume reducing tumor growth by 40C . while treatment 
with the Ad-Lac/ control viru^ did not substantially alter 
tumor si/e( 2 ; >. 

.Annuals weic also monitored lo determine the etlect ol 
CaSm antisense on survival, treatment with Ad-aCaSm 
signitieantK prolongs survival in this model of pancreatic 
cancel Mock ■ infected animals all died b\ 35 davs post 
iKatmcnt. Animals tieated w i t h the .Ad- Lac/, control \irus 
■ui\i\c for 4d davs poM treatment. However, treatment with 
.Ad-uCaSm prolongs the median survival to Ml davs with 
some mimiuls surviving tot PHI davs (23). In .ill cases, 
Mcatmcnt with \d-o( aSm is well tolerated bv the animals. 
No mice showed signs of weight loss, decreased activity, or 
other sign-, of toyicitv. "There was a frequent hyperemia at 
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the site of injection in the tumor in both control an J 
immense treated animals and occasional ulceration at the 
injection vac was noticed in both groups, Four mice from 
control, Ad-FacZ and Ad-uCaSm treatment groups were 
sacrificed V) claw after injection and examined bv histology 
ior signs of pathological change. The livers, spleens, kidneys, 
pancreas, and tumors were removed, fixed in formalin, 
embedded in paraffin and examined bv hematoxylin /eosin 
staining. No differences were seen between control and Ad- 
uCaSm-treated animals in this initial studv of toxicity 
(Relle\ (7 (//.. unpublished results). 

The mechanism of Ad-aCaSm's anti-tumor effect 

To beltei understand CaSm-bascd gene therapy a series of 
experiments were designed to examine underlying 
mechanisms involved in the anti-tumor effect. These 
experiments began by determining if Ad-uCaSm induced 
apoptosis m treated cells. Agarose gel electrophoresis, 
TUN EL assay and activated Caspase-3 assays all failed to 
detect a significant degree of apoptosis in any of the 
treated cell lines after infection(24). Treated cell lines were 
then stained with propidium iodide to determine it Ad- 
aCaSm induced a cytostatic effect. Results indicate a 
dramatic alteration in the proportion of cells in the 
different phases of the cell cycle. At 24 hours, CaSm 
antisense treatment gave a significant decrease in the 
number of (.), with a corresponding increase in the 
proportion oi S-phase cells. Forty-eight hours after 
infection, the Ci, population remains decreased with a 
corresponding increase now seen in G 2 M cells. 

Interesting!}, an increase in the percentage of cells with 
nuclei containing greater than the normal 4N content ot 
ON A was also observed {Figure 4). At 24 hours, only SC of 
control or Ad-uCaSm-infected cells display nuclei with 
greater than 4\ [)V\ content. Forty-eight hours after 
CaSm down-regulation, this number increases to 2XC (S 
and < tor untreated and Ad-LacZ controls, respectively). 
Sevcnt\-two 'i-urs post infection the greater than 4N 
populat-on is viiil present with control and Ad- 1 .acZ-treatcd 
. .ii i - v, im eater t han 4\ cells w hile Ad - 

L L I 1 S w ) | ' ! ' ' ; ' ' i - ^ ' ' 1 ' 

n( \|Sm ! rcalmc-M \ icUF ; 1 ' 

The--, i^c — demonstrate that the pn-domiuanl 
meciiaiMMii ot \d-o('aSm s aiiti-tumoi ettect is a cytostatic 
inhibition o| tiu. cell eveie. This finding ot a cytostatic block 
H! , !H m |)\ A eontent gi\es insight into the 
,t ( ,,Sni w it hm pancreat ic t anec i cells and 
Mial .inti-liiniiT response Theie is a modest 
, i| apoptosis and the celK ate not at rested 
-Meal cell c\ele checkpoints Instead. ( 'aSm 
anlisuw-iicaicd celK appear to re-repheate their l)N A m a 
phenot.fK Mim-i: to Liuiiaednpiiciiioii. ! 'o luiihc; examine 
ibis L ,.j) , !!ect. \d ( "aSm ■ i n t cc < cd tell Ihh^ uuc 
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l-'igure 5. Combination ymu itabme Ad-u( aSm chemo-^ene therapy 
sientftcantty extends utmval in a subcutaneous model of pancreatic 
cancer. Animals hearing subcutaneous AsPC-1 tumors «rre treated on 
Day 0 u-ith a sinele intra tumor injection of KiOpi of saline containing Ad- 
/,„(■/ or Ad-uCaSm. Animals aho mend H)Opl intraperitoneal 
m;ectmn\ of saline or eemcttahme (40m K :ke) on Day 0. A. 6. and 9. 
Animals *vre monitored over time to determine the effect of combination 
treatment on median sumval. The combination chemo-gene therapy was 
clearly beneficial and extended median surcival from 61 to 06 days. 
(Modified from KelleyJR et al. Surgery IW: 2S0-2SS, 2001). 



stained with DAPI and chromatin structure was examined 
bv fluorescent microscopy. Results indicate that the 
chromatin of CaSm antisense-treated celts is condensed into 
chromosomes in the infected cells. This condensation is 
characteristic of prophase and shows that infected cells at 
least enter the first stage of mitosis. However, careful 
analysis of DAPFstained cells demonstrates a striking lack 
of metaphase ceils, in ten high-powered fields, control and 
Ad-FacZ-infected cells contain 17 and ls> metaphase cells, 
respectively. In sharp contrast. Ad-uCaSm-treatcd cells 
contain only 2 metaphase cells in 10 fields. 

This data indicates that following a reduction in CaSm. 
cells enter the first mitotic stage ot prophase but do not 
complete alignment in metaphase. (his is an incomplete 
mitosis and argues that the cndomttotic sequence is 
^-sponsible for the increased HNA content after infection 
,. ,th ,\ f !-of ';iSm In human megakaryocytes the endomitotic 
block occurs m an incomplete anaphase that seems to result 
tmm altered mitotic spindle d\namics. This appears to be a 
ditlerence from the CaSm antisense ettect. However, 
tuithct expciimentation is uc^Acd to more tulU characterize 
the phase o| liie ceil cscle where the <. aSm antisense effect 
is predominant. We ha\e not set examined the spindle 
following infection with Ad-uCaSm. CaSm antisense may 
result m altered spindle dummies that preclude metaphase 
ibenmcnt thus linking the two ettects to a common site ot 
detect. In addition, there are several markers of prophase. 
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prometaphase, mctaphase and anaphase that could he used 
in future experiments to confirm a prophase block ami study 
the other stages oi mitosis. Experiments arc currently 
underway to answer these questions. 

Multi-modality therapy 

Despite an incomplete understanding of the mechanism of 
Ad-uCaSm's anti-tumor effect, it is clear that decreased 
CaSm expression reduces pancreatic cancer cell growth in a 
cytostatic manner. This unique anti-tumor effect results 
from a decrease in Ci| phase and an increase in S-phase and 
DNA that immediately suggests a method of combination 
multi-modality therapy. An increase in the relative 
proportion of S-phase active cells with an accumulation of 
DNA suggests that a CaSm-based gene therapy may 
combine favorably with a cytotoxic chemotherapy that is 
active during synthesis. To test this hypothesis. CaSm 
antisense gene therapy was combined with gemcitahine 
chemotherapy and examined for effect on pancreatic cancer 
cell growth. The combination of Ad-uCaSm with 
gemcitahine results in a substantial decrease of in vitro 
proliferation in the AsPC-l cell line versus single agent 
therapy (24). More importantly, this combination therapy is 
markedly more effective in an in vivo tumor model ot 
pancreatic cancer (Figure 5). Treatment with gemcitahine 
in combination with an Ad-LacZ control virus reduces 
tumor volume by 3 5 r ^ . Ad-uCaSm alone decreases tumor 
size bv 3n r r but the combination therapy reduces tumor 
volume by more than 70^(24). 

Moreover, the multi-modality therapy significantly 
prolongs survival compared to either single agent. 
Untreated control animals die within 80 days in this model 
system with a median survival time of oO days. Treatment 
with gemcitahine prolongs survival to 78 days, whereas Ad- 
uCaSm as a single agent produces a median survival time ot 
70 days. However, that combination of Ad-uCaSm with 
eemcitabinc results in a median survival time of 100 days 
with some animals surviving t-u" more than 17(1 days(24). 

(Onclusion 

Pancicatic adennca^moma remains a major medical 
problem with an cxtrcmelv high mortalitv rate Lack ot an 
cttective thcrapv has led !o „m mil l eased interest in novel 
ttcatment modalities to imp-ovc i he management ot this 
dismal disease. Reei at slml-cs lw our group suggest I ha*, 
the tancci -associated Sm-hke i( aSm) oncogene selves as 
a novel target in the pathogenesis ot pancieatic cancel and 
that ( aSm-based uei'e therasn ma\ have potential. ( aSm 
is o\ crcxprcsseti in moie than of human pancieatic 

caticcr sample 1 - and a decrease m ( ;iSm evpH'ssion results 
in a decrease in pnncie.it ic eel! etowth both in \m;> and in 



vivo. The mechanism of this anti-tumor effect appears to be 
a cytostatic inhibition of the cell cycle with a corresponding 
increase in DNA synthesis activity. This mechanism of 
action allows Ad-aCaSm gene therapy to combine 
favorably with gemcitahine chemotherapy resulting in an 
additive decrease in tumor growth and a significant survival 
advantage. 

Thus CaSm represents a novel target with exciting 
potential as a new treatment approach for pancreatic 
cancer. Further work is necessary to more fully describe the 
normal function of CaSm and the mechanism of Ad- 
uCaSm's anti tumor effect. Additional studies combining 
CaSm-bascd gene therapy with other chemotherapeutic 
agents are currently underway as are experiments to test the 
utility of CaSm as an early detection. 
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